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S um m a r y : Antiserum to electrophoretically-separated capsid protein of grapevine virus B (GVB) was produced. After easy and 
effective elimination of antiborlies cross-reactive with grapevine virus A (OVA), the antiserumwas successfully used in ELISA for the 
detection ofGVB in grapevines. 
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lntroduction 
Grapevine virus B (GVB) is a trichovirus (MARTELLI et al. 
1994) involved in the aetiology ofthe worldwide-spread and 
economically important corky bark disease of grapevines 
(BovEY et al. 1980; BovEY and MARTELLI 1992; BoscrA et al. 
1993; BONAVIA eta/. 1996). 
Physico-chemical and serological properties of GVB 
were determined following the isolation ofthe virus by me-
chanical transmission from grapevines to herbaceaus spe-
cies (BosciA et al. 1993 and 1994; GoszczYNSKI et al. 1996). 
However, antiserum to GVB which cou1d be used in ELISA 
was not available because of the poor immunogenicity of 
the virus and the difficulty in its Separation from plant pro-
teins using standard purifications methods (BosciA et al. 
1994; GoszczYNSKJ et al. 1996). Recently, monoclonal anti-
badies to GVB were produced and a sensitive ELISA was 
developed (BoNAVJA et al. 1996). However, production of 
monoclonal antibodies is expensive, Iabor intensive and 
requires specially equipped laboratories and trained person-
nel. In addition, the high specificity ofmonoclonal antibod-
ies can be disadvantageaus as viruses which differ even in 
a single amino acid in the capsid protein may escape detec-
tion (V AN REGENMORTEL 1982; PAPPU et a/. 1995), 
In this paper we report a simple, cheap and quick method 
to prepare antiserum to GVB which can be used for the spe-
cific detection ofthis virus by ELISA. 
Materialsand methods 
Viruses and their purifica tion: GVBisolate 
94/971 and grapevine virus A ( GVA) isolate 921778 and their 
purification procedures from Nicotiana benthamiana were 
as described by GoszczYNSKI et al. ( 1996). Low speed cen-
trifugation of preparations of viruses at the final purification 
step was omitted. Viruses prepared this way are referred to 
as partially purified. 
S D S - P A G E, W e s t e r n B I o t an d I E M were 
done as described by GoszczYNSKI et al. (1996). A Dual-mini 
vertical unit (American Bionetics Inc., USA) was used for 
electrophoresis, unless otherwise stated. Leaf extracts from 
systemically virus-infected or healthy N. benthamiana were 
used in Western blots. 
Electrophoretic Separation of capsid 
pro t eins o f G VB: Preparations ofpartially purified 
GVB, concentrated about 6 tim es by freeze-drying were sub-
jected to overnight electrophoresis in 13 cm SDS-
polyacrylamide gels at 60 V. The gels were stained with 0.05 % 
Coomassie brilliant blue R-250 (prepared in water) for 
10-15 min as described by HARLow and LANE (1988). Follow-
ing destaining of gels in water for 1 0-30 min, the GVB capsid 
protein band, unlike standard method ofLAEMMLI (1970), is 
visible as a less intensively stained band on a stained gel 
background. The band was cut out, freeze-dried and pulver-
ised in a mortar. 
P r o d u c t i o n o f a n t i s e r a : Antiserum to 
electrophoretically separated capsid protein ofGVB was pre-
pared by 4 subcutaneous injections of rabbit (spaced 2, 4 
and 4 weeks apart) with polyacrylamide-containing virus 
protein (resuspended in distilled water) mixed with complete 
(first injection) and incomplete (subsequent injections) 
Freund's adjuvant. Blood was collected 3 weeks after the 
last injection. 
Antiserum to glutaraldehyde-fixed GVB was prepared 
by 3 intramuscular injections, 2 weeks apart, of goat or rab-
bit with preparations offixed virus mixed with complete (first 
injection) or incomplete (subsequent injections) Freund's 
adjuvant. Blood was collected 2 weeks after the last injec-
tion. Fixed GVB was prepared as described by BEM and 
MURANT (1979) from partially purified preparations of the 
virus. After final dialysis, precipitated viruswas pelleted by 
low-speed centrifugation and resuspended in 1110 volume 
ofbuffer. 
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Cross-adsorption of antiserum to 
c a p s i d p r o t e i n o f G V B w i t h G V A : The 
preparation of partially purified GVA was incubated in a boif-
ing water bath for ca. 6 min to precipitate proteins. After 
centrifugation at 10,000 g for 10 min, the pellet was 
resuspended in 9 ml ofPBS (pH 7.4) and mixed with I ml of 
antiserum. The suspension was incubated overnight at 4 oc 
with gentle shaking and then centrifuged at 10,000 g for 
20 min. The supernatant was mixed 1: 1 with glycero1 and 
stored at -20 °C. The preparation, referred to here as 
"adsorbed antiserum" was used at a dilution of 200 tim es, 
and was equivalent to a dilution of 4000 times the original 
crude antiserum. 
E LI S A: Plate-trapped antigen (PTA) and antibody-
trapped antigen (ATA) ELISAs were as described by 
TüRRANCE (1992) . In ATA-ELISA, immunoglobulins 
(0.5 j..lg mJ·1) from goat antiserum to glutaraldehyde-fixed GVB 
were used for coating the plates. Monoclonal antibody 
(MAB 1) to GVB (BüNAYtA et al. 1996), kindly donated by 
D. BosctA (Universita Degli Studi di Bari, Dipartimento di 
Protezione delle Piante Dalle Malattie, Italy), was diluted 
4000 times. Goat anti-rabbit (GAR) and goat anti-mouse 
(GAM) alkaline phosphatase conjugates (Sigma, St. Louis, 
USA) were diluted 1000 times. Absorbance (A405) values 
were measured following 50 min of substrate incubation 
unless otherwise stated. The samples were considered vi-
rus-infected if absorbance values were twice that of the mean 
of the healthy controls. 
Grapevines and their preparation for 
E LI S A : Corky barkpositive and healthy grapevines were 
obtained from Plant Quarantine Station, Stellenbosch and 
K WV (Kooperatiewe Wynboversvereniging), Paarl, respec-
tively. Dormant grapevine canes for testing by ELISA were 
collected in August 1996 and March 1997. Extracts from 
grapevine cane phloem were prepared as described by 
GoszczYNSKI et al. ( 1995) by using 1 g of cane shavings with 
5 ml of standard extractionlconjugate buffer (CLARK and 
ADAMS 1977). 
Results and Discussion 
SDS-PAGE analysis of concentrated preparations ofpar-
tially purified GVB showed amongst other bands an inten-
sively stained band of viral capsid protein (Fig. 1 ). Antiserum 
to this band used in Western blot of GVB-infected 
N benthamiana strongly reacted not only with capsid pro-
tein of the virus but also with antigens of different 
electrophoretic mobility (Fig. 2). These were apparently dif-
ferent forms of virus capsid proteins, as no bands, except 
minor upper one were observed on Western blots in reac-
tion of the antiserum with sap of healthy N benthamiana 
(Fig. 2). 
Despite a strong reaction in Western blots, the anti-
serum to capsid protein of GVB, unlike analogous antisera 
toGLRaV-1 andGLRaV-3 (GoszCZYNSKi eta/.1995), didnot 
decorate the virus particles in IEM. This indicates that the 
1 m 
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Fig. I: SDS-PAGE analysis of a concentrated preparation of par-
tially purified GVB (I). m = prestained SDS-PAGE standards (Bio 
Rad, low range ). The arrow indic.ates position of the capsid pro-
tein ofGVB. The gelwas stained as described by L AEMMLJ (1970). 
Fig. 2: Western blot analysis of antibody activity of antiserum to 
electrophoretically-separated GVB. Extracts ofvirus-infected (I) 
and healthy (2) N. benthamiana were used . m = prestained 
SDS-PAGE standards. 
antiserum contains antibodies mainly against cryptotopes 
ofGVB. 
The antiserum clearly cross-reacted with GVA in West-
ern blot. This was reported also for other antisera to GVB 
(GoszczYNSKr et al. 1996). The cross-reactivity was also ob-
served in ELISA (Tab. 1). Overnight incubation of the 
antiserum with a heat-denaturated preparation ofGVA fol-
lowed by low-speed centrifugation effectively eliminated 
antibodies reactive with this virus. 
Among a nurober offorms ofELISA tested using cross-
adsorbed antiserum to capsid protein ofGVB, indirectATA-
ELISA applying immunoglobulins from goat antiserum to 
glutaraldehyde-fixed virus for coating the plates was the 
most sensitive. This ELISA was used for the detection of 
GVB in I 0 different grapevines cultivars all indexed CB posi-
tive and 3 healthy grapevines collected in two successive 
seasons. The samples were also tested by ATA-ELISA us~ 
ing monoclonal antibody (MAb 1) to GVB as second anti-
bodies. The ELISA tests were repeated 4 times. The results 
of ELISA using monoclonal antibody showed that all 
10 CE-positive grapevines were infected with GVB confirm-
ing the association ofGVB with this disease (BoscrA et al. 
1993; BoNAVIA et al. 1996). Only 9 of them were infected 
according to ELISA based on polyclonal antibodies. The 
ELISA using monoclonal antibody was likely to be more 
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Tab I e I 
Detection of GVB by PTA-ELISA using unadsorbed or cross-
adsorbed antiserum to capsid protein of the virus 
Antigen Antiserum 
(N. benthamiana leaf extracts) Unadsorbed Cross-adsorbed 
GVB 
GVA 
Healthy 
2.5201 
0.850 
0.085 
1.184 
0.026 
0.027 
1 Absorbance values (A405) obtained after 25 min of substrate in-
cubation. 
sensitive as absorbance values obtained for GVB isolates in 
this ELISA were usually more than two times higher than in 
ELISA based on polyclonal antiborlies (Tab. 2). Interest-
ingly, this was not the case for the isolate of GVB from grape-
vine cv. Shiraz, which consistently yielded similar absorb-
ance values by these two ELISAs. The most probable rea-
son for this result is that GVB isolate from cv. Shiraz is 
serologically different from other GVB isolates under study. 
The reaction of antisera used in ELISA with GVB isolate 
from cv. Shiraz can be regarded as homologous as GVB was 
mechanically transmitted to N. benthamiana from this grape-
vine, and named GVB isolate 94/971 (GoszczYNSKI et al. 1996), 
to which the antisera applied in this study were produced. 
The existence ofGVB isolates with different antigenic struc-
ture has been reported earlier by BoNA VIA et al. ( 1996). 
Although our ELISA based on polyclonal antiborlies 
showed lower sensitivity of detection of GVB than ELISA 
using monoclonal antibody, the results presented in this 
work show that the antiserum to electrophoretically sepa-
rated capsid protein ofGVB has diagnostic value and can be 
used in ELISA. This antiserum can be prepared in standardly 
equipped laboratories in a relatively short time and at low 
cost, which is a clear advantage over production of 
monoclonal antibodies. It is necessary to point out that in 
the present study only one animal was immunized with the 
capsid protein ofGVB. As immunological responses to in-
jected antigen can be very variable amongst outbred ani-
mals like rabbits (V AN REGENMORTEL 1982), it is possible that 
a better antiserum than the one described here can be ob-
tained. 
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